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FORCESANDMOMENTSONPOINTEDANDBLUNT-NOSEDBODIES

OFREVOLUTIONATMACHNUMBERSFROM2.75~ 5.00

By DavidH.DennisandBernardE. Cunningham
.

suMMARY

Resultsof forceandmomenttestsatMachnumbersfrom2.75to5.00
onpointedandblunt-nosedbodiesofrevolutionsrepresentedandcom-
paredwithpredictionsofthesecond-orderconetheoryofStoneandthe
impacttheoryofNewton.Conesandtangentogivesoffinenessratios
from3 to 7, andblunt-nosedshapeshavingfinenessratiosof 3 and5,
weretestedat singlesofattackfrom0°to25°. Reynoldsnumb-erabased
onbodylengthvariedfromO.~millionto 6.4 million,dependingonbody
finenessratioandtestMachnumber.

Comparisonsof forcecharacteristicsofthevariousbodyshapes
showthattheblunt-nosedshapesaregenerallymoreefficientlifting
bodies,fromthestandpointof lift-dragratios,thantheconesor ogives
ofthesamefinenessratio.It isalsofoundthroughouttheMachnumber
rangethatwithintherangeof finenessratiostested,increasingbody
finenessratioresultsinhigherlift-dragratios.

Predictionsoftheinclined-conetheoryof Stonearefoundto agree
wellwithexpertientallydeterminedcharacteristicsof conesup tosingles
of attackequalto theirsemiapexangles.At higheranglesof attackthe
measuredliftsandincrementsof-dragarehigherthanpredictedby the
theory.Throughouttheangle-of-attackrange.theimpacttheorypredicts
lowerliftandhigherinc~ementsofdragthanmesqued,but,asmightbe
expected,theagreementbetweentheorysmdexperimentimproveswith
increasingMachn~ber.

INTRODUCTION
. .

,A.

Theattainmentofhighersupersonicspeedsby missileshasbeen
accompaniedby a trendtowardconfigurationsconsistingprincipallyofa
body,withsmallplanarsurfacesattachedprimarilyforthepurposeof
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achievingstableandcontrolledflight.It isevident,of course,that
theresultantaerodynamicforcesactingon sucha configurationarecon-
tributedin largepartby thebody. Hence,itmaybe expectedthat
accurateknowledgeoftheforcesandattendantmomentsactingon inclined
bodieswillbe essentialtotheproperdesignofmissilesoperatingat
highsupersonicMachnumbers.

.

——

Atpresent,however,informationon inclinedbodycharacteristics
athighMachnumbersisrestrictedtothatobtainablefromapproximate
theoriesandtothatprovidedby a limitednumberof experiments.Ofthe
availabletheoriesforpredictingtheforcesandmomentsoninclined
bodies,perhapsthemostsuitableatthe.Machnumbersunderconsideration
me thoseofStoneandFerriforcones(references1 and2, respectively)
andthatofNewton(i.e.,theimpacttheory,reference3) forbodiesof
arbitraryshape.Ingeneral,however,theformertheoriesarenotappli-
cableto conesinclinedat largeangleswithrespecttothefreestream,
whiletheNewtoniantheorycannotbe expectedtoapplyaccuratelyto
typicalbodyshapesunlessthefree-streamMachnumberisverylarge
comparedto1 (i.e.,theflightspeedis~hypersonic).Thusitisevident
thattheory,asnowdeveloped,doesnotadequatelyprovidethedesired
aerodynamicInformation.Inthecaseofexperiment,somedatafor
inclinedbodiesareavailableforMachnumbersof ab’out4 (see,e.g.,
referencesh and~)butonlylimitedtestsathigherMachnumbershave
beenreported(seereference6). In all thetestsathighsupersonic

a

speedsreportedtodate,bodyshapeshavebeenrestrictedto coneor
ogivecylindersandonlya fewdetailedcomparisonswiththeorieshave
beenmade.

a

It isevident,then,thatmoreinformationofbothanexperimental
andtheoreticalnatureisneededontheaerodynamiccharacteristicsof
inclinedbodiesathighsupersonicspeeds.As a stepinthedirection
towardprovidingthisinformation,anexperimentalprogramtodetermine
theaerodynamiccharacteristicsofbodiesofrevolutionat anglesof
attackfrom@ to25°andMachnumbersfrom2.7to 5 wasundertaken.
Thefirstphaseofthisprogrsm,reportedherein,concernsthedetermi-
nationoftheforceandpitching-momentcharacteristicsofpointednose
sectionsof finenessratiosfrom3 to 7 andblunt-tippednosesectionsof
finenessratios3 and~. A comparisonofthesecharacteristicswith
thosepredictedby thetheoriespreviouslydiscussedisalsoincluded.

SYMBOLS

CD ()Ddragcoefficient—
ql’c~z

ND incrementofdragcoefficientdueto angleof attack

.

—
.
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liftcoefficient
()

L
ql’rrb2

pitching-momentcoefficientaboutbodynose
( )
pitchingmoment

qlr~=z

centerofpressurelocation,percentbodylengthfromnose

bodydrag

bodyfinenessratio(.4 .

bodylift

free-stresm

bodylength

free-stream

bodyradius

Machnumber

dyn~c pressure

radiusofbodyatbase

Reynoldsnuniberbasedonbodylength

axialdistancemeasuredfrombodynose

exponentin equationdefiningbodyshapes

angleof attack

EXPERIMENT

TestApparatusand

ThetestswereconductedintheAmes

Methods

10-by lb-inchsupersonicwind
tunnelwhichisa continuousflow,nomre$urn-typetunnel,operatingwith
a nominalsupplypressureof6 atmospheres.By changingtherelative
positionsofthesymmetricaltopandbottomwallsof thewindtunnel,the
Machnumberinthetestsectionmaybe variedfromapproximately2.7
to 5.0. A detaileddescriptionofthewindtunnelanditsassociated
equipmentmaybe found.inreference7.

Aerodynamicforcesandmomentsweremeasuredby a three-component
strain-gagebalance.Forcesparallelandperpendicularto thebalance

~ “
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axisandmomentsaboutpointsslightlydownstreamof thebodybaseswere
determineddirectly.Theseforceswereresolvedto givepitchingmoments
aboutthebodynosesandliftad dragforcesnormaltoandpsrallelwith
thefree-stresmdirection,respectively.Anglesofattackgreaterthan
the&o obtainableby rotatingthemodel-balanceasseniblywerereached
withtheaidofbent-stingmodelsupports.Tareforcesonthesting
supportswereeliminatedby enclosingthestingsin shroudsthatextended
towithin0.040inchofthemodelbase.

-

Forcesactiu onthebasesofthemodelsweredeterminedfrombase-
pressurereadings-madewiththeaidofa McLeodgage.
subtractedfrommeasuredtotalforces;thus,thedata
onlytheaerodynamicforcesandmomentsactingonthe
testbodiesaheadofthebases.

Staticanddynamicpressuresinthetestsection

Theseforceswere
—

presentedinclude
portionsofthe

weredetermined
fromwind-tunnelcalibrationdataandstagnationpressuresmeasured
witha Bourdontypepressuregage.

Models

Tangentogiveshapesandshapesdefined

()

n
r= %;

by theequation *

.

forvaluesof n equalto 1, 3/4J ~ l/a weretested. ~USYtherewe
includedtwopointed-nosedshapes,conical(n= 1)andogival,andtwo
blumt-nosedshapes,slightlyblut(n= 3/4)~d parabolic(n= l/2)0
To comparetheshapesofthesebodies,a sketchof theprofilesoffine-
nessratio3 is showninfigurel(a).Figurel(b)isa photographof
the11testbodies;thefinenessratios3, k, 5, and7 cones,fineness
ratios3 and5 3/&powerandl/2-powerbluntbodies,andthefineness
ratios3, 5, and7 tangentogives.Allmodelswereofpolishedsteel
andhadbasedismetersof 1 inch.

Theconesandogiveswereemployedsincetheyarerepresentativeof
nosesectionscommonlyusedonmissiles.Also,itmaybe notedthatthe
coneisan approximationto theminimumdragbodyofrevolutionforgiven
basedismeterandsurfaceareaathighsupersonicspeeds(seereference7).
The3/&powerbodies(n= 3/4) wereincludedparticularlyto determine
experimentallyiftheadvantageofverylowdrag(fora givenfineness
ratio)at zeroliftexhibitedby thisshape(seereference7) resultsin
a moreefficientliftingbodythanthosecommonlyused. Thel/2-power
bodieswerechosensincetheysuresufficientlybluntatthenoseto
facilitatetheinstallationofa seeker,whilehavingrelativelylow

—
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zero-liftdrag(less,forexs@e, thantheogiveofthesamefineness
ratio;seereference7). Inaddition,itis clearthattestsonthese
bodiesprovidemeansofdeterminingtheaccuracyof existinginclined-
conetheoryandtheapplicabilityoftheimpacttheorytobodiesof a
fairlywiderangeo.fshapesinthetestMachnumberrange.

VariationsinMach
modelswerelocateddid

AccuracyofTestResults

numberintheregionofthetestsectionwhere
notexceedfo.06atanytestconditionand,in

general,deviationsfromnominalMachnumberswerenotgreaterthsm*0.03.
Correspondingvariationsin streamstaticpressureweresufficientlysmall
sothat‘buoyancycorrectionswerenecessaryonlyforthemeasureddrags
atMachnumber2.75.

Deviationsin free-streamReynoldsnu?iberfora givenMachnumber
fromthevaluesshowninfigure2 didnotexceed*30,000.

Theestimatederrorsintheangle-of-attackvaluesduetouncer-
taintiesincorrectionsforstreamangleandfordeflectionsofthe
model-supportsystemwere*0.2°.

Precisionofthecomputedforcecoefficientswasaffectedbothby
inaccuratemeasurementsof theaerodynamicforcesby thebalancesystem,
andby uncertaintiesinthedeterminationof free-streamdynsmicpres-
suresandbasepressures.Theseuncertaintiesmayresultinmaximum
errorsinliftanddragcoefficientsatthehighanglesof attack
of*0.008atMachnumbersfrom2.7to 4.5,and*0.035atMachnumber5.0.
At anglesof attacklessthanabout10°thecorrespondingmaximumerrors
are*0.004and*0.015,respectively.Possibleerrorsinmomentcoeffi-
cients,duemainlytoerrorsinmeasuredlift,wereof thesamemagnitude
as errorsin liftcoefficients.

It shouldbe notedthattheabovediscussionconcernsmaximum
errorsandthat,ingeneral,theresultspresentedareinerrorby less
thanhalfoftheforegoingestimates.

A possibleadditionaluncertaintyintheresultspresented
for M = 5.00 isdueto thepresenceof a smallamountof condensedairin
thestream.A detaileddiscussionof condensationinthe10-by l&inch
supersonicwindtunnelanditseffectsontheforcesactingonmodelsmay
be foundinreference8. Inthispaperitwasshownthatfora bodyof
revolutionat zeroangleofattackandforwedgeairfoils,thechangein
surfacepressuredueto condensedairintheflowisof thesamemagni-
tudeas thatcausedby theeffectivechangeinbodyshapeduetoboundary-
layergrowth.Inviewof thisresult,it seemslogicalto expectthatthe
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correspondingpressurechangeon inclined~odieswouldbe small(not
exceedingabout10percentathighangleofattack).As willbe observed
later,theforcesonmodelswereinfluencedtoa relativelysmallextent
by thepresenceof condensedair.

PresentationofTestResults

Becauseonlyexperimentalresultst~icalof thoseobtainedduring
thisinvestigationarepresentedinthefollowingdiscussion,a large
portionof thedataisnotshowningraphicalfoxm. Alltheexperimental
resultsofthetestsarepresentedintablesI toXI. Lift,drag,and
pitching-momentcoefficients,centersofpressure,
attheseveraltestMach
bodiesatvariousangles

numbersaretab&.tedfor
ofattack.

DISCUSSIONOF~SULTS

ExperimentalResults

andIift%ag-ratios
eachof the11test

Characteristicsof cones.-To illustratetheeffectsof fineness
ratioontheaerodynamiccharacteristicsofthetestbodies,thevari-
ationsofliftcoefficientwithangleofattack,withdragcoefficient}
andwithcenterofpressureforconesoffinenessratios3, 4251and7
areshowninfigure3. Itmaybe seenthatthroughoutthetestMach
numberrangethevariationofliftcoefficientwithangleof attackdoes
notchangeappreciablywithconefinenessratioup toanglesofattack
ofk“to5°: At 5°andabovethedatashowthatincreasingthefineness”..
ratioresultsinappreciablyhigherliftcoefficients.It iS dSO
evidentthat,althoughtheliftcoefficientsincreaseslightlywith
increasingMachnumberatverysmallanglesof attack,theliftcoef-
ficientsgenerallydecreasewithincreasingMachnumberat anglesof
attackgreaterthanapproximately10°.

Thecurvesinfigure3 whichpresentthevariationsof liftcoef-
ficientwithdragcoefficientshowthat,withintherangeof fineness
ratiostested,increasingfinenessratioresultsinlowerzero-liftdrag
andlowerincrementsofdragforgivenincrementsof liftthroughoutthe
Machnumberandangle-of-attackranges.Itmayalsobe seenthatfora
givenangleofattack,thedragcoefficientsofthelongconesdonot
exceedthoseoftheshorterconesuntiltheanglesofattackexceed
about15°.

Centersofpressureareapproximatelythesameforallcones
testedand,withintherangesof liftcoefficientwhereaccurate

.

.

—

.
. .

—

—
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center-of-pressuredatawereobtained,1 thereis
centersofpressuretithincreasingliftorwith

.
To showthevariationof Hftingefficiency

ratio,thelift-dragratiosoftheseve”ralcones

7

littleorno shiftof
changesinMachnumber.

withbodyfineness
atMachnumber4.01are

shownas a functionof liftcoefficientin figure4. It is clearthat,
withintherangeof finenessratiostested,thelift-dragratiosincrease
tithincreasingconefinenessratio.Thepaximumlift-dragratiosoccur
at approximatelythesamevalueof ldftcoefficient(CLZ 0.32)forall
of thecones.Furthermore,theanglesofattackformaximumL/D vary
onlyfrom8° forthefinenessratio7 coneto 10°forthefineness
ratio3 cone.

TheeffectsofMachnumbervariationon lift-dragratioareindi-
catedin figure5 wheretheIlft-dragratiosof thefinenessratio5
coneareplottedwithrespectto liftcoefficientfortheseveraltest
Machnumbers.It isevidentthatathighliftcoefficients,lift-drag
ratiodecreaseswithincreasingMachnuriber.Maximumlift-dragratio
occurs,undertheconditionsof thepresenttests,atMachnumber4.01.
However,thelargechangesofReynoldsnumberwithMachnumberandthe
resultantvariationof skin-frictiondragmayhavecomparativelylarge
effectsonthevariationofmaximumlift-dragratiowithMachnumber.=
Thusthevariationof L/~ withMachnumberat constantReynolds
numberwouldprobablybe somewhatdifferentfromthatshowninfigure5.

Effectsofprofileshape.-Theeffectson aerodynamiccharacter-
isticsof changesinprofileshapeofbodiesof givenfinenessratioare
shownin figures6, 7, 8, and9. Variationsofliftcoefficientwith
angleofattack,dragcoefficient,andcenterofpressure,andvari-
ationsof lift-dragratiowithliftcoefficientarepresentedforthe
finenessratio3 bodiesatMachnumbers2.75,4.01,and5.00in
figures6,7, and8, respectively,andforthefinenessratio5 bodiesat
Machnumber4.01in figure9.

At a givenangleof inclination,liftcoefficientsvarywithbody
shapeapproximatelyasbodyplan-formarea. Forexample,ata givenMach
numbertheogivesandl/2-powerbodieswhichhaveverynearlythesame
plan-formareahaveapproximatelythessmeliftthroughouttheangle-of-
attackrange,whilethe3/&powerbodiesandconeshavelowerliftby

‘Center-of-pressuedataat lowvaluesof liftcoefficientandat
M = 5.00 aresubjectto considerableerrorduetouncertaintiesin
measurementsoftheverysmallliftandmoment.

%t shouldbe notedthatthevariationwithMachnumberoftheMt coef-
ficientfor L& is similarto thatpredictedby theinclinedcone
theoryof Stone.Thevariationoflift-dragratiowithMachnumberat
highliftcoefficientsisalsoinagreementwiththatgivenby Stone.

--

.-
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approximatelythessmepercentagesthattheirplan-formareasdiffer
fromthoseoftheogivesandl/2-powerbodies.

Itmaybe seeninthepolarcurvesthatthe3/k-powerbodies,due
totheirlowdrag,arethemostefficientliftingbodiesat lowangles
ofattack.However,theincreaseindragwitha givenincrementoflift
isgreaterforthesebodiesandfortheconesthanforthel/2-powerand
ogive.bodiesofthesamefinenessratioatthehigheranglesofattack.
!lhisisreflectedinthelift-drag-ratioc~_ea (figs.6(9), 7(b),8(b),
and9(b))whereitis seenthat, at largevaluesof liftcoefficient,
,thel/2-powerandogiveshapesaremoreefficientliftingshapesthan
the3/k-powerbodiesandcones.It shouldbe notedthattherelatively
lowvaluesof lift-dragratioforthefineneisratio3 bodiesatMach
number7.00(fig.8(b))areduetothelowtestReynoldsnumberandthe
attendanthighfriction&ragatthisMachn~ber.

Thecentersofpressurearerelativelyunaffectedlychangesof
liftcoefficient,atleastwithintherangeofangleof attackwhere
slightuncertaintiesinliftandpitchingmomentdidnotresultinlarge
errorsincenter-of-pressuredeterminations.

In general,theresultsinfigures6 to 9 showthattheforce
characteristicsof theconesandthe3/&-powerbodiesaresomewhat
similarandthoseoftheogivesandl/2-powerbodiesaresimilar.
Furthermore,theblunt-nosedshapesofthesetwopairsarebetterthan-
thecorrespondingsharp-nosedshapesfromthestandpointoflowerdrag
fora givenliftcoefficientthroughoutthe-testangle-of-attackrange.
Thetestresultsalsoshowthatup to liftcoefficientsofapproxfmate~
0.7the3/&powerbodies,whichfora givenfinenessratiohaveminimum
dragat zerolift(seereference7), retaintheirlow-dragadvantageand
havethehighestlift-dragratiosof thebodiestested.

-“

.—

—

.

. .-
— .

ComparisonsofTheoryWithExperiment

Characteristicsofcones.-Experimentalresultsshowingthevaria-
tionof liftcoefficientwithangleofattack,incrementofdragcoef-
ficient,andcenterofpressureforfinenessratios3 and~ conesare
comparedin figure10withStonerssecond-ordertheorysandwithimpact

%%e tabulatedvaluesofreferences9, 10, and11wereusedinconjunc-
tionwithequations(21)and(22)(fordragandlift-forcecoefficients,
respectively)ofreference12. Thisprocedurewasnecessarytotrans- .
ferthecoordinatesystemfromwindaxesusedinreferences10andQ
tobody”axes. --—..

.
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theory.4Forthesecomparisons,valuesof incrementsof dragcoef-
ficienthavebeenshownratherthantotalforedragcoefficientsbecause

. frictiondragisnottakenintoaccountby thesetheories.5Thedatain
figure10 showthattheinclined-conetheoryof Stonepredictswithgood
accuracythevariationof liftwithangleof attackup to anglesequal

.—

to aboutthehalf-coneangles(9.46°forthefinenessratio3 cone
and5.74°forthefinenessratio5 cone).Incrementsof dragdueto
liftarepredictedby theinclined-conetheorywithgoodaccuracyup to
largerangles.Infact,agreementbetweentheoreticalandexperimental
dragpolarsisgoodup to experimentalliftcoefficientscorresponding
to anglesof attackof 15°to 20°. It shouldbe noted,however,that
theagreementofpolars(particularlyinthecaseofthefineness
ratio5 cone)isdueto lowtheoreticalpredictionsbothof liftandof
incrementofdraginthehighangle-of-attackrange.

TheimpacttheorygenerallypredictslowerUft coefficientsbut
higherincrementsofdragcoefficientdueto liftthanmeasuredexperi-
mentally.Thevariationof incrementof dragwithangleof attack,
however,isrelativelyaccuratelypredicted.It isnottobe expected,
of course,thattheimpacttheoryshouldapplyaccuratelyatthese
relativelylowMachnumbers.It is interestingtonote,however,that
withincreasingMachnumberthemagnitudesof themeasuredforcecoef-
ficientsapproachthosepredictedby theimpacttheory.Thecomparisons
betweenimpacttheoryandexperimentalresultsat M = 6.86 presented
inreference6 indicatethatthistrendcontinuesto thatMachnmiber.

Boththeconetheoryandtheimpacttheorypredictthecenterof
pressureata pointtwo-thirdstheconelengthfromtheapex. The
~r~~t~ restitsshowthecenterofpressuretobe veryslightlyaft
(lessthan3 percentofbodylength)ofthepredictedlocationthroughout
theangle-of-attackrange.

Characteristicsofblunt-nosedandogivebodies.-Comparisonsof
typicalresultsof theimpacttheoryandexperimentforthecharacter-
isticsofthe3/4-power,l/2-power,andogiyebodiesareshownin
figureIl. Thetrendnotedintheconsiderationoftheconeresultsis
againevident.Thatis,withincreasingMachnumber,bodyforcecharac-
teristicsapproachthosepredictedby theimpacttheory.Inthiscon-
nection,itisobservedalsothattheimpacttheoryis in somewhatbetter

4Equationsdevelopedby Grimminger,WiJliams,andYoung(reference13)
wereusedforallimpact-theorycalculationsinthepresentpaper.
Pressurecoefficientsontheleeor ‘tshadedtfportionsof thebodies
wereassumedtobe zeroandcentrifugal-forceeffectswereneglected.

51tistacitlyassumedthatthecontributionof frictiondragto total
dragdoesnotvaryappreciably-withina moderatelylargeangle-of-attack
range.It isalsonotedthatcomparisonof dragincrementseliminates
errorsinthepredictionof zeroliftpressuredragby theimpacttheory
(seereference7).

SECURITYINFO
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agreementwithexperimentatMachnumber7.00forthesebodiesthanfor
thecones.Thisresultismostprobablyduetothefactthattheflow
intheregionofthenosesofthesebodies,by virtueoftheirrelative
bluntness,hasmorenearlythecharacteristicsof a trulyhypersonic
flowthaninthecaseofthecones.Againthecentersofpressureare
veryslightlyaftofthelocationspredictedtheoretically.

Therelativelygoodagreementbetweenthepredictionsoftheimpact
theoryandtheexperimentalresultsatthehighertestMachnunibersmust
be consideredat leastpartlyfortuitous,sincetheseMachnumbersare
considerablylowerthanthoseforwhichthetheorywouldbe expectedto
applywithreasonableaccuracy.Thisagreementprobablyresultsprima-
rilybecausethedifferencesbetweentheflowconditionsassumedinthe
developmentofthetheoryandthosethatactuallyexist,ingeneral,
havecompensatingeffectsontheaerodynamicforcesonbodies.For
example,thepressurecoefficientsontheleeportionsofthebodiesare
assumedtobe zero,whileunderthetestconditionsthesepressurecoef-
ficientsareprobablyslightlynegative(see,e.g.,reference4).
Ontheotherhand,theneglect,by thetheory,of centrifugalrelieving
forceswhichexistonthewindwardsidesofthebodiestendsto offset
thisdiscrepancy.Similarly,theneglectoffrictionforcesmaybe “
partlycompensatedforby an incompletetransformationofthenormal
componentofmomentumtopressureforces.

An additionalfactorhavingperhapsa smallfavorableeffectonthe
agreementbetweenimpacttheoryandexperimentatMachnumber5.00is
thepresenceofcondensedairintheflow. Thechangeinforcesdueto
condensedairis causedby re-evaporationof thecondensedphaseas it
passesthroughthebowwave,thusbringingabouta smalldecreasein
pressureonthewindwardsidesofthemodels.Inaddition,thepres-
suresontheleesidesmaynotdecreaseto thenormalextentif
recondensationtakesplace.

CONCLUSIONS

AnalysisoftheresultsoftestsatMachnumbersfrom2.75to 5.00
on inclinedbodiesofrevolutionintheAmes10-by 14-inchsupersonic
windtunnelhasledtothefollowingconclusions:

1. Withintherangesof finenessratioandMachnumberofthe
tests,thelift-dragratiosofbodiesof similarshapeincreasewith
increasingfinenessratio.

2. At highliftcoefficientsthelift-dragratioofa givenbody
decreaseswithincreasingMachnumber.

.

.

—

.

.
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3. At highanglesofinclinationtheliftcoefficientonbodiesof
equalfineness”ratiovariesapproximatelyas theplan-formareasofthe

. bodies.

4. Theblunt-nosedbodiestested
liftingbodies,fromthestandpointof
pointed-nosedconeandogiveshapesof

5. The3/4-powerlmdywhich,for

aregenerallymoreefficient
lift-dragratio,thanarethe
thesamefinenessratio.

a givenfinenessratiohasminimum
zero-liftdragathighsupersonicspeeds,hasthegreatestL/Dma of
thebodiestested.

6. Thesecond-orderinc~ned-conetheoryofStoneadequately
predictsthevariationswithangleofattackof lift,incrementofdrag,
andcenterofpressureup to anglesapproximatelyequalto thesemiapex
snglesofthecones.

7. WithincreasingMachnumbertheaerodynamiccharacteristicsof
aldmodelsapproachthosepredictedby theimpacttheory.Theagreement
at M = 7.00 betweenimpacttheoryandexperimentis somewhatbetterfor
theogiveandblunt-tippedshapesthanforthecones.

Ames

.

AeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.
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TABIE1.- EXPERIMENTALRESULTS, COME, FINENESS RATIO 3

a f% % ‘% L/IiC.p.

-1.0-0.0280.C93 -- -0.030--
0 -.(X)2.092 -- -.OI.6--
1.0 .028 .093-ao20 .30067.6
3.0 .0s6 .102-.(X2 .84567.8
S.O .140 .111-.C991.26 66.7

.1% .111
?::

-.1141.40 68.5
.232 .130-.1691.79 68.2

10.3 .W3 .157-.2342.02 68.7
12.9 .413 .1* -.3072.10 68.8
15.1 .513 .239-.~ 2.15 69.
15.4 .~El .243-.3972,13 70.?
19.4 .% .245-.3822.o7 69.1
20.2 .714 .@ -.55.81.87 69.6
2s.3 .877 .@ -.718lox 69.7

-1.0 -.027 .ca4 -- -.325.-
0 .002 .034 -- .021 --
1.0 .028 .084-.@o .33668.2
3.0 .086 .qJ3-.@ .92769.!3
5.0 .145 .104-.@+ 1.40 68.2

.12 .101-.17 l.yl 67.0
;:: %.232 .I.23-.16 1.89 67.3
10.3 .3-I-5.1X -.2292.C6 68.0
i2.9 .403 .194-.2962.03 69.0
15.4 .@s .246-.3732.02 t5&6

-1.0 -.023 .099 -- -.261--
0 ;(DJ .@& -- .065 --
1.0
3.0 .~o :088-.&; l:B 6;.;
3.0 .@ .@ -.055 .92769.0
4.0 .118 .C@8-.C871.20 69.2

. -.1011.X 63.3

;:! :% :9 ::;:;;:8 2:::
8.3 .262 .Iq -J.& 2.07 68.0
LO.3 .@ J% -.2372.15 67.8
10.4 .337 .h53-.2492.06 69.0

M

4.01

4.48
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a

12.3
14.1
15.4
16.2
2Q.1
23.2

-1.0
0
1.0
2.2
2.8
5.0

E
10.3
11.8
13.2
15.3
17.1
18.1
20.1
2?.1

-.8;
.1:
1.1
1.9
2.5
4.9
6.8
9.7
13.3
15.3
17.3
17.5
20.0
22.0

CL q)

.3920.185

.45a .221

.!n3 .*

.ya .277

.644 .39:

.723 .483

.027 .085

.002 .088

.026 .oa~

.038 .o%

.075 .096

.134 .lW

.228 .136

.257 .134

.326 .162

.376 .187

.423 .210

.487 .263

.!350.W

.592 .336

.643 .394

.697 .462

.037 .lcg

.C@ .099

.046 .100

.058 .lu

.104 .W

.@ .106

.Z?l .nk

.301.1X

.417 .223

.470 .X+5

:.a; :3?
.547 .401
.~ .472

cm L/D

Q.* 2.12
-.33.32.o4
-.* 1.94
-.pl 1.83
-.W1 1.63
-.W 1.X

-- -.*
-- -.019

.298
-.s .394
-.tio .7$5
-.C941.22
-.1651.68
-.1931.91
-.2472.01
-.2882.03
-.3292.01
-.3791.83
-J1331..76

=:% ::2;
-.539l..n

-- -.cd
.o~

-.s .457
-.049 .6M
-- 1.15

-.1451.59
-.1731.94
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-.36>1.87
-.3871.77

::4# $:

-.~ 1:27

w

C.p.

69.2
69.0

:::
67.6
63.9

--
-.

6;.;

E::
67.7
70.4
70.5
71.0
TL.6
70.4
70.1
67.3
&.3
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--
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7k.3
64.8
79.9
73.9

w
68.2
68.6
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a

.1.0
0
1.0

;::
5.1
7.6
LO.2
LO.4
K?.7
L5.2
15.3
?0.2
5.3

-1.0
0
1..0

;::
4.0

2::
7.0
8.1
LO.1
LO.4
u.4
U.2
L3.9
15.4
L6.1
L9.h
?0.2
?4.2

TABLE II.- --LL RESULTS,CONE,FRJEN’ESSRATIO 4

0.02?
o
.Oti
.087
.Iyl
.161
.241
.3%
.35’!
.49
.5%
;%

1.067

-.02:
.01:
. 04C
.lcx
.W
.Mf
.16$
.Zlg
.239
*277
.360
.380
.394
.445
.518
.560
.630
.721
.787
.939

T
1.064
.063
.066
.on
.081
.0131
.097
.125
.131.
.168
.234
.29
.405
.623

.054

.~l

.@

.065

.063

.c67

.074

.0!33

.090

.101

.124

.144

.lw

.M=6

.m8

.239

.5?2

.361

.424

.597

% L/D

. . -0.43
-- 0

0.017 .417
-J@ 1.16
-.1031.a5
-.m 2.(XI
-.1732.55
..2492.78
-.2592.73
-.3292.72
-.4312.55
-.4262.55
-.6382.10
-.84ol.’rl

-- -.46(
-. .29(

-.033 .73(
-.1021.%
-.0721.57
-.0321.91
-.X222.26
-.1512.62
-.1702.65
-.1932.74
-.255 2.90
-.2772.64
-.276 2.62
..320 2.68
-.379 2.49
-.4002.34
-.471 2.18
-.5332.03
-.598M6
-.7551.57

C.p.

--

$:
65;8
6.5
66.9
67.9
68.9
G3.o
67.8
68.1
68.2
68.3

.-
--
79.6
76.3
70.4
69.4
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68.7
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69.2
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68.5
66.4
67.9
ffi.6
67.6
68.6

—
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—
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i.oo
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a

.1.0
A.o
0
1.0
2.8
5.0
7.8
8.3
LO.3
U.8
L3.2
L5.3
L7.1
‘L8.1
?0.1
?2,1

-.85
.13

1.1
1.9
2.4
4.9
6.8

;::
9.4
.0.9
.3.3
.5.3
.7.1
.7.9
.9.9
!I.8

CL

1.030
-.028
3

.023

.072

.195

.301

.281

.%

.384

.460

.%

.619

.668

.nl

.822

-.018
.010
.037
.057
.123
.208
.269
.221
.W
.m
.349
.473
.5J’@
.613

:2%
.-M

1
CD

.0f33

.063

. o~

.062

.071

.073

.109

.117

.149

.173

.196

.254

.%

.342

.41.2

.488

.(%4

.ti5

.062

.067

.059

.081

.104

.099

.127

.114

.168

.228

.292

.343

.353

.4U3

.W

% L/D

-- -0.%
-- -.@
.- 0
-- .377

.Q0501.02
-.1662.67
-.2472.76
-.2092.40
-.2692.46
-.2752.22
-.3362.35
-.4042.14
-.46(J2.02
-.5011.s
-.5721.82
-.6411.68

-- -.2&
.- .14

-.028 .*
-.@7 .84T
-.KW 2.00
-.168 2.$
-.2C52.57
-.ly 2.23
-.1972.35
-.1982.62
-.2502.08
-.3792.(M
-.438l.w
-.4951.7’9
-.4221.6-9
-.478 1.62
-.546 1.4

P

C.p.

-.
.-
.-

G.;
82.6
-m.3
70.9
69.4
66.9
68.2
68.3
67.h
67.6
67.5
67.8

.-
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78.5
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52.6
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52.4
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52.8
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TABLEIII.-EXPERIMENTALRESUM13,COIW,FINEIWSSRM?1O5

a %

-1.0 -0.032
0 -.CU?
1.0 .025
3.0 .@!
5.0 .161
5.0 .163
7.6 .249
I.O.1.3’(J.
12.6 .499
15.0 .6x
15.2 .670
15.7 .677
20.1 .941
23.2 1.123

-1.0 -.030
0 .001
1.0 .=7

.*
R J.&l
5.0 .160
7.6 .257
10.1 .372
L2.6 .5CJ+
15.0 .628
19.2 .643
20.1
22.61:%4

-1.0-:sg
o
1.0 .ce5
2.5 .0-(4
3.1 .lq
4.0 .L26
5.1 .179
6.3 .23.9
7.1 .25
8.1 .290
10.1 .375

% %
Loy?i---
.ox ---
.o~ ---
S@ ---
.Oq---
.064au2
.0%?-.lp
.U -.26C
.156-.352
.ZzL-.462
.2!31.-.4-M
.245-.494
.J+l’3-.687
.565-.841

.053---

.W ---

.0% -.ola

.055-c@

.0!=!-J@

.@ -.109

.@) -.179

.IJ.3-.266

.167-.361

.290-.460

.236-.Ml!

.478-.6%
-.810.953

:g :::
---

.m5 -.059

.@? -.078

.059-.093

.C&?-.130

.@ -.153

.q5 -.W2

.084-.203
Xu -.267

LIDC.p.

4.548--
-:%5 --

.-
1.54 --
2.40 --
2.5366.5
3.a266.7
3.2-767.5
3.20 67.6
2.95 67.4
2.91 69.0
2.76 68.8
2.28 66.7
1.99 67.3

-.559--
.o15--
.52963.6
1.71 69.4
2.5966.6
2.6366.6
3.2267.7
3.2868.8
3.(E6a.3
2.16 67A
2,.7268.6
1.83 66.8
la 69.2

-::+ --

.505::
1.34 76.9
2.0s 71.2
2.lk 71.7
2.89 70.5
3.36 68.0
3.41 69.2

R$ w

M

z

.48

.00

—

a

G
L3.9
L5.6
ti.o
20.0
23.6

-1.0
0
1.0
2.3
2.8

?:;
7.9
!-0.0
L2.6
L3.1
15.2
L7.2
L7.4

-.85
x
1.1
1.9
3.2

?:;
7.5
9.4
U.o
L3.3
L5.2
L7.2
L7.2
L9.7
n..6

—

%

z
.%1
.676
two
.8X
,.(E2

.034

.(M3

.(E2

.@

.079

.155

.252

.267

.361

.486
:2

.’732

.734

.(E6

.003

.(X29

.0%2

.093

.155

.2M

.233

.3m

.*

.530

.603

.722

.727

.832

.899

%—
l.1~
.23.5
.279
.268
.416
.779

w+

:%5

:%

:%0
.038
.117
.172
.236
.27KJ
.324
.lwl

.050
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g+

.OJ

.(%9

.084

%
.x28
.W
.250

?
:Y
.43
.516

IT
Cm L/11c.P.

CL3463J.368.6
-.4u32.61 68.8
-.5132.4270.8
..4942.5A 67.9
-.6392.0667.3
-7901.7667.5

-- -.757--
-- -.183--
;: ~.y --

-.0551:3 7;.;
t..IJ.82.9 73.9

-.1753.1667.4
-.@ 3.03 71.3
-.~l3.03 66.7
-.3422.&2 66.8
-.3912.29 67A
-J@ 2.55 72.1
..5642.26 71.o
..* 2.29 68.1

:: -:% --

:: /;4 ::
. .

..0681:73 ‘(1.1
dJ9 2.24 74.4
..1P2.61 75.8
-.1372.46 56.5
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-.4192.79 ~.o
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TABLErv. - KITFRIMZNIULRE2ULTS,CONE,FllWllMS lM!CIO 7

% CD

,0.0350.049
0 .046
.030 .049
.096 .047
.162 .0%
.180 .062
.434 .114
.8U .248

-.030.045
.004 .046
.035 .044
.101 .042
.136 .047

c
-.-.

0.017
-.061
-.104
-.134
-.301
+62

.-
-.

-a23
-a67
-a90

L/D

0.713
0
.619
2.03
3.22
2.88
3.83
3.27

-.664
●W5
.&33
2.40
2.88

C.p.

--

52;
62.3
62.6
72.2
67.4
67.0

--

6i.i
64.g
64.4

M

1.01

).03

a

5.1
7.1
LO.4
L3.4

-.85
.13
1.1
2.4
4.9
6.8
8.0
9.9

%

).177
.%3
.462
.654

‘.003
.023
.032
.093
.17h
.244
.267
.376

I

. \ ,

I.052 -D1243.40
.066-.1813.94
.115-.3284.o2
.184-.4653.53

u.039 - --.066
.037 -- .620
.046-.0421.13
.049-.0941.90
:~4 -.1322.79

-.1803.27
.106-.l&l2,53
.122-.2333.10

=5=-

C.p.

68.6
68.0
69.0
68.5

--

7;.;
88.0
73.5
71.9
57.5
23.5
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TABLEv.-ExPER~ KESULTS,3/4-FO~BODY,F311R01SSRAl!103

a ‘% ‘?0

-1.0-0.027O.cao
o .Oa? .081
1.0 .030 .091
3.0 .091 .089
5.1 .154 .0g6

.166 .095
;:; .247 .U
10.4 .343 .143
10.4 .354 .144
IS!*9 .446 .180
15.2 .551 .237
15.4 .562 .242
15.5 .549 .244
20.2 .772 .393
25.3 .g4-9.588

-1.0 -.023.071
0 -.0(%.072
1.0 .031 .072
3.0 .091 .078

●W .0’74
;:: .321 .032

.158 .072
z:; .21.3.Oy?

cm L/Ll

-- -0.337
-- .Crx

G021 .378
-.0571.02
-.0381.6I.
-.1091.75
-.1622.18
-.2292.39
-k2342.46
-.2gg2.47
-.3692.32
-.3862.32
-.3802.23
-.5421.g6
-.7031.6I.

--- -.32’7
--- -.084
-.025 .426
-.0611.16
-.0591.24
-.(Y321.47
-.1002.22
-.134 2.32

C.p.

“.

66.E
59.6
60.4
62.C
62.2
63.c
62.6
63.c
62.1
63.7
64.0
63.0
63.3

--

7i.;
54.7
51.8
54.8
50.9
50.3

M

4.01

5.00

a

7.0
8.3
10.3
12.4
14.1
15.4
16.1
20.2
24.2

-.8;
.1:
1.1
1.9
2.5
4.9
6.6
7.4
9*7
KL.2
17.5
?0.0
22.0

%

D.22E
.27c
.344
.41J
.474
.536
.562
.706
.823

-.005
.032
.046
.064
.(%1
.146
.208
.232
.297
.334
●529
.623
.688

CD

1.102

.Slo

.141

.173

.206

.251

.270

.395

.536

.082

.0!30

.ql

.075

.084

.093

.105

.I.23

.148

.179

.315
9396
.472

cm Lb

“CA1472.23
-.1752.45
-.2262.44
-.2782.38
-.3242.30
-.3662.14
-.4002.09
-.5021.79
-.6231.*

-- -.
-- .$
-- .651

-.043 .85;
..033 .721
-.0951.
-.1381.!?J
-.1511.EH
-.1922.00
-.1961.87
-.3221*6I3
-.4131.57
-.4731.46

c .p.

61.7
61.7
62.0
63.3
63.5
62.7
65.0

%:

.-
--

6i.i
51.1
62.1
63.2
61.2
60.5
*.1
53*7
57.3
58.0
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a
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0
1.0
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15.2
20.1

-1.0
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1.0
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3.1
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2:;
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CL

0.035
-.002
.028
.097
.170
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.262
.390
.541
.714
.718
1.064

-.030
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.028
.097
.105
.134
.180
.240
.259
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1.043
.034
.044
.053
.061
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.079
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.234
.243
.448

.039

.037

.034

.040

.046

.046

.0%

.056

.066

.072

Cm L/D C.p.

-- -0.817---- -.059 ---- .635 --
0“0551.82 55.2
-“no 2.77 63.1
-“0982.76 56.7
““1673.31.61.9
-“2533.48 62.6
-“356 3.33 63.1
-“~ 3.04 62.4
-“4’842.96 64.o
-.7302.38 63.5

U
---.776 --
-- -.046 - -
,- .051 - -

-.;19 .71265.3
-.0602.u 60.6
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-.1$ 3.63 63.4
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j.00

a

8.1
10.1
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1.1
1.9
2.5
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7.0
9.4
10.7
15.2
17.2
17.2
19.6
21..6

).313
.415
.523
.61L
.726
.921
..083

..(X%
.027
.042
.076
.090
.185
.2k3
.267
.360
.431
.681
.727
.769
.845
.959

.083

.118

.157

.202

.272

.429

.578

.041

.036

.039

.039

.046

.0%

.078

.083

.131

.162

.311

.357

.375

.453

.548

Cm L/D

).2053.78
.2783.32
‘.3533.33
..4133.02
..4952.67
.6382.15
,.7751.87

-- 1.38
-- .7Y

1.09
:: 1.96

:: ;:?;
.- 3.11
.1713.22
.2472.74
.2982.66
.4972.19
..~ 2.04
..5632.05
..4141.87
..@CJ1.75’

T

P
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63.7
64.7
64.8
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63.5
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62.7
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64.8
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TABLEWC. - FXPERIWNJ!ALRESULTS,l/2-m= NDY, FINEUESSRATIO3

a

-1.0
0
1.0
3.0

3;
7.8
10.4
15.2
15.5
?0.2
25.3

-1.0
0
1.0

:::
4.0

?;

:::
LO.3
L2i4

CL CD & I L/D C.p.

0.32 3.092 --
0 .094 --
.031 .0940022
.1(X).100-.(%4
.168 .109-.101
.1~ .107-.lQ
.27.2.133-.16C
.392 .171-.24I
●599 .262-.357

.277-,392

.430-.54:
1.031 .629-.697

-.023 .086 -:
.005 .088 --
.033 .088 --
.094 .091-.053
.095 .093-.cYj6
.126 .098-.074
.135 .102-*@
.220 .100-.lz$
.233 .U8 -.137
.2E!0.1.29-la
.331 .1P -.21Z
.425 .195-.26:

-0.344
0
.333
.999
1.54
1.66
2.05
2.30
2.29
2.24
1.95
1.64

-.272
.062
.372
lob
1.02
1.29
1.32

::$
2.17
2.22
2.18

--

ii;
60.6
57.0
55.2
55.7
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54.9
58.4

$::

. .
--

$.;
%
40.4
55.9
55.6
56.1

%

M

1.01

j.oo

-

a

14.1
15.4
!6.1
?0.2
?0.2
?4.2

-.85
.13

1.1
1.9
2.5

:::

;:;
U.2
13.3
L5.3
-7.3
:7.5
11.o
?2.0

2.491
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.586
.749
.760
.&32

-.008
.010
.037
.055
.064
.148
.193
.231
.295
.349
.421
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0
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-1.0
0
1.0
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.051
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.054
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.514

.045

.046

.046
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.057

.076
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.13

.133
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% L/D

-- -0.748
-- -.046

0.017 .655
-.0522.02
-.0912.79
-.1012.81
-.1603.35
-.2543.43
-.3553.25
-.4792.92
-.81.1,2.44

-- ..669
-“ .132

-.023 .846
-.0612.24
-.0682.%
-.1693.75
-.lgj4..42
-.2643.39
-.2713.33
-.3383.17

C.p.

--

.-

$%

47.7
51.0
52.0
54.7
55.8
55.7
59.6

-.-

G
51.6
46.2

2::
57.4
58.0
58.2
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—

1.01

i.00

a

13.9
16.0
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23.1

-.85
.1:

1.1
1.9
2.4

2:;
7.7
9.4
11.o
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13.2.
15.2
17.1
17.2
19.7
zi.6

).656
.803
..038
..213

,:~5

.028

.047

.(%4

.1$

.241
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j65

.59

.681

.774

.854

.849

.967
-.079

T
‘D %

:$; -.!$
.488 -.6@
.643-.801

.060 --

.055 --

.Ofi --

.062 --

.052 --

.069 --

.090 --

.111-.14(

.145-.18:

.203-.265

.245-.361

.308-.44:
W& -.W

-.9
.373-.594
.480-.64:
.599-.733

2.91 58.7
2.60 57.7
2.12 57.9
1.89 53.5

-.2$ --
.115 --

:%3 ::
1.24 --
2.25 --
2.H --
2.71.44.8
2.52 47.7
2.26 54.9
2.28 60.3
2.21 60.0
2.$ 66.2
2.31 63.1
2.28 63.4
2.02 60.1
1.30 59.9
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0.028
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.044
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.lt?fl
.l$%
.293
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.410
.502
.6ti
.615
.634
.848
1,04C

-.027
.Oq
● 031
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.UJ5
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.217
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.285
.297
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●U3
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.11~

.U7

.I.31

.).24
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;2J:

.66!3

.104

.103
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.Isl

.103

.IL5

.U4

.123

.134

.145

..-
--
-.

).066
..loe
..KI.2
..175
..235
..235
-.307
..38L
..381
-*W
-.59
-.71:

--
.-
‘.020
‘.059
,.079
..076
..152
..13(
..20C
..17C

L/D

0.252
.032
●392
.971
1.43
1.59
1.91
2.09
2.07
2.16
2*SL
2.10
2.3.2
1.84
1.56

-.261
.064
.299
.936
1.13
1.20
1.89
1.96
2.16
2.05

:. P.

--
--

G.i

%3
$.0
56.3
56.4
54.4
$.8
57.1
57.2
56.2
58.C
5!3.C

61.3

g:;

z::
53.6
66.C
53.9

M
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5.00

a
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U2.4
14.1
15.4
16.1
19.5
20.2
24.2

-.85
.13
1.1
1.9
2.5
4.9
6.6
7.9
9*7
11..2
13.3
15.3
17.3
17.5
20.0
22.0

%

.373

.450

.517

.578

.601

.735

.755

.834

.004

.016

.003

.058

.045

.123

.M33

.289

.328

.385

.432

.503
●5X
.503
;%

.175

.209

.246

.294

.31.1

.418

.443
●.592

.114

.ILo

.113

.I17
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.122
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.205

.225
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.301
●3@
.35$
.444
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& L/D

).2182.3.3
,.2742.16
.3232.10
.3511.97
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.;3; :g
.-
.0531.012
.0961.35
‘.I.891.94
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..3381.37
..4001.34

I ,
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57.3
55.2
55.4
56.4
56*3
57.6
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a

-1.0

0
1.0
3.0
5.1
7.6
10.2
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12.7
15.1
15.3
20.2
23.6

-1.0
0
1.0
1.0
2.5
3*1
4.0
5.1
6.3
7.1

%

0.045
-.oo1
.039
.121
.213
.342
.479
.510
.649
.826
.839

1.303
1.539

-.040
0
.036
.037
.096
.131
.159
.ZL9
.277
.go

1.0%

.053

.054’

.066

.077

.102

.146

.1%

.208

.294

.294

.532

.699

.047

.048

.051

.048

.05S

.060

.CX57

.074

.083

.0%

Cm
I

L/I) C.p.

-- -0.8(%--
-- -.CQ3 --
-- .726 --
-- 1.84 --

.w1232.76 56.0
-.2023.35 57.4
-.2863.29 57.6
-.3073.22 S*O
-.397:.g 58.5

. .
-.;2;2:85 59.1
-.8612.45 61.5
-Lo3O2.20 61.0

-- -.839 --
-. 0

-.022 .712$.;
-.019 .76150.7
-.(W31.66 48.4
-.0762.16 56.5
-.0322.39 fjo.1
-.1252.96 55.6
-.1443.34 50.6
-.1813.39 56.6

M

}.01

i.00

a

8.1
LO.1
L2.1
G*9
L6.O
?0.1
?4.6

-.85
.13

1.1
1.9

{:;
6.6
6.9
7.2
9.4
LO.7
L3.3
L5.3
L7.2
L9.7
n.6

%

).355
.466
.578
.684
.822
..034
..25’!)

..035

..0(%
.006
.034
.103
.181
.255
.252
.258
.351
.417
.597
.712
.778
.918
..047

1.103
.141
.182
.230
.3=
.J+95
.725

.053

.052

.053

.05’7

.062

.0!?2

.u6

.117

.U8

.147

.180

.269

.329

.369

.485

.595

~ L/D C.p.

3.1903.45 51.8
-.2663.30 55.0
-●3353.17 55.5
-.4C82.97 56.8
-.5082.55 57.8
-.6572.09 57.6
-.8381.72 58.2

-- -.663 --
-- -.E6 --
-- .103 --
-- y$l --

. -.
:: 2.20 --
-- 2.20 --

-.Ilk2.15 43.2
.,u_82.18 43.6
-.1822.39 49.1
..2162.32 48.8
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..4322.16 55.8
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..6231.89 60.5
-.7271.76 6Q.6
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%

0.039
-.0Q5
.036
.124
.214
.233
●563
.7%

-.040
.Oqj
.049
.135
.136
.181

CD % L/D C.p.

1.045 -~ -0.E!80 --
.037 -- -.137 --
.046-0.015 .m 41.6
.Oy?-.0622.40 49.1
.062-.1103.45 50.2
.071-.1303.26 54.3
.147-.3313.84 57.0
.220 -.4693.58 57.5

.046 -- -.868 --

.048 -- ●U.4 --

.04’7-.0271.04 54.0

.0% -.0702.59 50.4

.051-.0772.68 55.3

.0$ -.0943.24 51.2

M

}.01

j.00

a

5.1
6.3
7’.2
10.4
13.5
-.85
.1:

1.1
1.9
2.4
4.9
6.9
8.5
10.3

~ %

1.228 0.063
@J .076

.081
.574 .152
.808 .243

-.019 .041
.016 .040
.042 .041
.0’74 .045
.082 .044
.205 .Wo
.324 .@3
.383 .lyj
.479 .178

a130 3.65 56.0
-.183 3.98 58.6
..173 4.21 49.6
-.349 3.79 59.0
- .:$&l KE13 59.3

-- .410 ::
-.021 1.04 50.3
-.0331.66 43.4
-.04J1.86 52.3
-.1252.96 59.1
-.2323.30 63.6
-.2362.84 59.1
-.2762.69 54.8
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